In this study, we investigated the relationship of increased inflammatory parameters (C-reactive protein -CRP), oxidative stress markers (serum uric acid -SUA) and red blood cell distribution width (RDW) with non-dipper hypertension (NDHT).
Introduction
Blood pressure shows a circadian rhythm. In healthy individuals, blood pressure reaches a peak in the morning hours and slowly falls during the day to reach the lowest levels in the night. Both systolic and diastolic blood pressures decrease by more than 10% during the night compared to the daytime. Ambulatory blood pressure monitoring readings are more closely associated with a poor prognosis in comparison to blood pressure values measured in the clinical setting. The hypertensive patients were divided into dippers and non-dippers based on the ambulatory blood pressure monitoring results [1] . Hypertension (HT), especially non-dipper HT, which is defined as a reduction of less than 10% in the night time blood pressure compared to the daytime blood pressure, is a risk factor for cardiovascular disease and the associated adverse events [2] [3] [4] [5] . Although the relationship between non-dipper HT, increased target organ damage and the higher frequency of cardiovascular events is still unclear, increased inflammation and high platelet activity are thought to be responsible [6] .
There are findings showing that uric acid, which is the end product of purine catabolism in humans, is a component of the metabolic syndrome and a simple marker of insulin resistance. Increased serum uric acid (SUA) levels have been reported to be associated with increases in certain inflammatory markers and indicators of oxidative stress [7] [8] [9] . C-reactive protein (CRP) is a member of the pentaxin family, which is characterized by circular pentameric disc-shaped proteins. The synthesis of CRP occurs mainly in the liver through the influence of cytokines (of which the most important one is the interleukin-6 (IL-6)) secreted from the inflamed tissue [10] . An increased level of CRP is an important indicator of increased inflammation and endothelial dysfunction [11] . The red blood cell distribution width (RDW), which is mainly used for the differential diagnosis of anemia, is an automated measurement of the heterogeneity of the red blood cell size (anisocytosis). The bone marrow dysfunction caused by the increased systemic inflammation and the consequent increase in the ineffective erythropoiesis may lead to increased anisocytosis [12] . In various studies, baseline higher RDW, SUA and CRP values were shown to be associated with adverse events in cardiovascular diseases such as HT [13] [14] [15] .
Aim
The aim of our study was to investigate the relationship between inflammatory markers and non-dipper HT, which is associated with increased end organ failure and cardiovascular adverse events.
Material and methods
For the purposes of our study, 80 patients with HT (40 non-dipper HT patients and 40 age-and sex-matched dipper HT patients), who had presented to the cardiology clinic of our hospital within the last year and were previously diagnosed with primary (essential) HT and followed up under treatment with the same group of anti-hypertensives (combination therapy with angiotensin-converting enzyme (ACE) inhibitors + thiazide) and 40 normotensive individuals (age-and sex-matched with the other groups) were enrolled. The classification of the dippers, non-dippers and the control group was based on ambulatory blood pressure monitoring. The patients' body mass indices (BMI) and smoking status were specified. Those with atrial fibrillation, history of myocardial infarction, left ventricular systolic dysfunction, left ventricular hypertrophy, renal and hepatic failure (serum creatinine > 1.5 mg/dl and aspartate aminotransferase-alanine aminotransferase (AST-ALT) > 2 times the normal values), hypothyroidism, hepatic dysfunction, hemolytic disease, concomitant inflammatory diseases such as autoimmune disorders, neoplastic disease, recent major surgery or any systemic disorders, diseases of the respiratory tract (chronic obstructive pulmonary disease, chronic bronchitis, pulmonary embolism), primary pulmonary HT, isolated right heart failure, congenital heart disease and advanced valvular disease were excluded from the study.
Blood pressure measurements
Ambulatory blood pressure (BP) monitoring was performed using a non-invasive recording system (DiaSys Diagnostic Systems GmbH, Holzheim, Germany). The device was programmed to repeat the measurements every 15 min throughout the daytime (6 am-8 pm) and every 30 min during the night (8 pm-6 am) for 24 h. Those patients in which the mean systolic and diastolic BP values measured during the night showed a 10% or greater decrease compared to the mean daytime values were classified into the DHT group, while those with decreases below 10% were classified into the non-DHT group.
Transthoracic echocardiography
The transthoracic echocardiography was carried out before the discharge by a system V (Vingmed; GE, Horten, Norway) device and using a 2.5 MHz phased-array transducer. Recordings were performed while the patients were in the left lateral decubitus position. The LV ejection fraction was measured using the modified Simpson's rule according to the latest guidelines [16] .
Statistical analysis
Continuous variables are expressed as mean ± SD. Categorical variables are expressed in percentages. In order to compare the parametric continuous variables, Student's t-test or analysis of variance was used, while the nonparametric continuous variables were compared using the Mann-Whitney U or Kruskal-Wallis tests. The categorical variables were compared through the χ 2 test. Two-tailed p values < 0.05 were considered to indicate statistical significance. Statistical analyses were performed using SPSS version 20.0 for Windows.
Definitions
The BMI was calculated by dividing the weight in kilograms by the height in square meters (kg/m 2 ). In line with the World Health Organization criteria, anemia at presentation was defined as a baseline haemoglobin (Hgb) concentration below 13 mg/dl in males and below 12 mg/dl in females. The diagnosis of diabetes mellitus (DM) was based on previous history of diabetes treated with or without medical therapy. Stable angina was defined as discomfort in the chest, jaw, shoulder, back, or arms, typically elicited by exertion or emotional stress and relieved by rest or nitroglycerin. Current smokers were defined as those who had smoked for some period during the past year. Those patients dependent on chronic dialysis were considered as having end stage renal disease (ESRD). The approval of the local ethics committee was obtained for this study.
Results
Among the 120 patients (mean age 53.5 ±7.7; 33.3% male), RDW (mean value: 13.9 ±1.2%), CRP (mean value: 1.4 ±0.3) and SUA (mean value: 5.2 ±0.8) studied. The baseline characteristics of the normotensive individuals and the patients with dipper and non-dipper HT are summarized in Table I . No statistically significant difference was observed among the three groups in terms of smoking status, fasting blood glucose, and HDL and LDL values (p > 0.05). While the BMI value in the control group was significantly lower than the dipper HT and non-dipper HT groups (p < 0.05), the BMI value in the non-dipper HT group was not significantly different from the dipper HT group (p > 0.05). The triglyceride value in the control group was significantly higher than the dipper HT group (p < 0.05); however, the difference in the triglyceride value of the non-dipper HT group from the dipper HT and control groups was statistically insignificant (p > 0.05).
The RDW readings in the non-dipper HT group were significantly higher than the dipper HT and control groups (p < 0.05). Also, the RDW values in the dipper HT group were significantly higher than the control group (p < 0.05). While the CRP and SUA values in the non-dipper HT group were significantly higher than the dipper HT and control groups (p < 0.05), the differences in the CRP and SUA values between the dipper HT and control groups were insignificant (p > 0.05) ( Table II, Figures 1-3) .
Discussion
In the study, we found that the CRP, SUA and RDW levels were significantly higher in the non-dipper HT patients compared to dipper HT patients and normotensive individuals. Also, we observed that the RDW levels were higher in the dipper HT patients compared to normotensive individuals.
Cardiovascular parameters such as BP heart rate, and coronary tonus change with the circadian rhythm during the day [17] . According to the ambulatory blood pressure monitoring (ABPM) data obtained from normotensive individuals, the BP reaches the highest values in the morning hours and gradually drops during the day to reach the lowest values throughout the night [18] . This circadian rhythm of the blood pressure has led to a new classification based on ambulatory blood pressure monitoring: the type of BP in which the BP values measured during the night are ≥ 10% lower than the blood pressure value readings during the day is defined as dipper HT (DHT), whereas the type of HT where this difference is less than 10% is described as non-dipper HT (NDHT) [19] . It has also been observed that the circulating free norepinephrine levels and the peripheral vascular resistance are increased in patients with NDHT above the age of 55 [17] . Therefore, an inadequate drop in BP occurs in these patients during the night. Higher rates of cerebrovascular disease, left ventricular mass, and increase in cardiovascular mortality and morbidity have been re- ported in patients with non-dipper HT. Also, higher BP readings during the night were observed to be associated with left ventricular hypertrophy (LVH) [20] [21] [22] . In non-dipper hypertensive patients, higher blood pressure levels during the night lead to greater endothelial damage, while greater endothelial damage leads to higher levels of BP during the night [23] . The increase in the blood pressure triggers the proinflammatory process within the endothelium of the blood vessels and the consequent endothelial inflammation leads to higher CRP levels. In the study by Gawin et al. including 15 215 female patients, a linear relationship was found between the CRP levels and the BP levels [24] . The results of this study showed that the inflammation leads to higher blood pressure, while higher blood pressure worsens the inflammation. The increase caused by CRP in the angiotensin-II and endothelin-I levels besides the decrease in the nitric oxide (NO) levels is an example of these conditions. In the study by Bautista et al. the CRP levels in hypertensive patients were evaluated and CRP was identified as a potential independent risk factor in the development of HT [25] . In another study conducted on a Korean population, it was observed as an independent predictor of HT. In our study, the CRP levels in the non-dipper and dipper HT groups were found to be higher than the normal group. Also, the comparison of the CRP readings between the non-dipper and dipper HT groups revealed higher values in the non-dipper group.
Hyperuricemia is an indirect indicator of increased oxidative stress. During the synthesis of uric acid, hydrogen peroxide -a very reactive type of oxygen -is generated. Hyperuricemia is associated with HT, vascular disease, renal disease and cardiovascular events. The results of a study reported that increased serum uric acid levels were associated with a greater frequency of HT [26] . In another study, higher serum uric acid levels were found to be an independent risk factor for chronic renal failure, which is in turn an independent risk factor for HT and non-dipper HT [27] . Kanbay et al. observed an increase in the glomerular filtration rates and decrease in the systolic and diastolic blood pressures of patients with normal renal function treated with allopurinol against hyperuricemia [27] . The decrease in the renal blood flow is known to stimulate the re-absorption of uric acid [28] . Hypertension also causes microvascular disease and this leads to local tissue ischemia. Ischemia increases the synthesis of uric acid besides the release of lactate that hinders the production of uric acid in the proximal tubule [29] . In our study, the uric acid levels which were found to be higher in comparison to the control group may be a result of this mechanism.
While the RDW is a marker that shows the erythrocyte distribution volume, it also has come to be used in recent years as a marker that shows the increase in the morbidity and mortality of cardiovascular diseases. In a study by C‚etin et al., a relationship between higher RDW readings and widespread vascular involvement in the coronary angiographies was found in patients with stable angina [30] . In the study by Tanindi et al., prehypertensive and hypertensive patients were compared with the control group and the RDW levels were found to be higher independently from the other parameters. Also in the same study, the RDW levels were demonstrated to be closely associated with the increases in the systolic and diastolic blood pressures [31] . Jithesh et al. evaluated the hs-CRP and RDW levels in hypertensive patients and observed that both parameters were higher in the hypertensive patient group compared to the control group [32] . Also in our study, the RDW levels in the non-dipper HT group were found to be significantly higher than the dipper HT and control groups. In addition, the RDW levels in the dipper HT group were significantly higher than the control group. The pathophysiological mechanism of the relationship between higher RDW values and the development of HT and non-dipper HT is yet to be clarified. However, the most plausible hypothesis is that higher RDW levels are associated with increased inflammation and oxidative stress. Indeed, we observed a correlation between the RDW levels and the CRP and SUA readings. In non-dipper hypertensive patients, the increased inflammation and oxidative stress might be causing the immature erythrocytes in the bone marrow to enter the circulation, thus leading to anisocytosis (and increased RDW levels).
Conclusions
We observed in our study that the CRP, uric acid and RDW levels were statistically significantly higher in non-dipper HT in comparison to the dipper HT and control groups. Higher levels of end-organ failure are known to be associated with non-dipper HT compared to dipper HT. Therefore, these increased markers in non-dipper HT may help explain the increased end-organ failure as well as the cardiovascular morbidity and mortality.
